was performed with post-smolts (111 ± 2.6 g; mean ± S.D.) over a nine-week feeding period.
Abstract

23
To investigate interactions of dietary LC-PUFA, a dose-response study with a range of 24 docosahexaenoic acid (DHA; 22:6n-3) levels (1g kg -1 , 5 g kg -1 , 10 g kg -1 , 15 g kg -1 and 20 g kg -1
) 25 was performed with post-smolts (111 ± 2.6 g; mean ± S.D.) over a nine-week feeding period.
26
Additional diets included 10 g kg -1 DHA in combination with 10 g kg -1 of either eicosapentaenoic 27 acid (EPA; 20:5n-3) or arachidonic acid (ARA; 20:4n-6), and a diet containing 5g kg -1 each of
Introduction 47
It is now widely appreciated that fish, particularly oily species such as Atlantic salmon (Salmo 
77
Therefore, the reputation of farmed Atlantic salmon as a health promoting food seems reliant upon 78 a better understanding of the functional requirements and metabolism of LC-PUFA.
79
All vertebrates including fish require three key fatty acids for normal growth and Warrington, UK). The resulting cDNA was diluted 20-fold with milliQ water.
219
For qPCR, primers for fatty acyl desaturases and elongases, and TF involved in their 220 regulation, were used (see Table 3 ). The efficiency of the primers for each gene was previously 221 evaluated to ensure that it was close to 100%. In addition, two reference genes, cofilin-2 and 222 elongation factor-1α were quantified. qPCR was performed using a Biometra TOptical 
243
Gene expression results were analyzed using the relative expression software tool (REST control, according to Pfaffl's mathematical model (Pfaffl, 2001 ). Tree View software (Page, 1996) 250 was used to generate visual representations of the classification.
252
Results
253
Total lipid content
254
In general lipid content was fairly constant across all eight dietary treatments (Tables 4-7 ).
255
Brain tissue had the highest mean lipid content (7.7%), followed by liver (4.8%) and head kidney 256 (4.2%), while gill tissue contained on average just 1.7% lipid (Tables 4-7 ). Increasing inclusion of 257 DHA in the diet (D1-D20) had no significant effect on lipid content in any of the tissues examined.
258
The lipid content of head kidney from fish fed diet D20 was lower than that of fish fed diet D10E 259 (Table 5) , and brain lipid content was higher in fish fed diet D5E compared with those fed diet 260 D10 (Table 7) . Other than these differences, the mixed LC-PUFA diets had no significant effects 261 on tissue lipid contents. 
Fatty acid compositions of liver and head kidney phospholipids 275
The predominant fatty acids in liver PL were DHA, 18:1n-9 and 16:0, though overall fatty 276 acid composition was readily influenced by that of the diet (Tables 2, 4 (Tables 2 & 4) .
288
Inclusion of other LC-PUFA (EPA and ARA) in the diet also influenced the fatty acid 289 composition of liver PL (Table 5) . Inclusion of EPA (diets D5E & D10E) resulted in DHA levels 290 similar to those found in liver PL from fish fed equivalent diets containing DHA alone (D10 and 291 D20) (Tables 2 & 5) . EPA inclusion also tended to increase the levels of both EPA and DPA found 292 in liver PL, with the higher inclusion of EPA resulting in highly significant increases (P<0.001) in 293 these fatty acids relative to diets D20 and D10A (Table 5) . Furthermore, diets D5E and D10E
294
resulted in the lowest levels of ARA in liver PL. Inclusion of ARA (D10A) resulted in significantly 295 higher levels of ARA and 22:4n-6 in liver PL compared with DHA alone (D20) ( Table 5 ). Diet
296
D10A also resulted in the lowest level of EPA in liver PL out of all the diets. Inclusion of EPA or
297
ARA also clearly altered the EPA/ARA ratio in their favour, but there were no significant effects of
298
EPA or ARA inclusion on the relative amount of SFA or MUFA.
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The fatty acid composition of head kidney PL differed from that of liver in that it contained 300 slightly more SFA and slightly less PUFA (Tables 4 & 5) . Additionally, head kidney contained a 301 small percentage of dimethyl acetals (DMA; 2.6 % total fatty acids), derived from plasmalogen 302 PL, not observed in the liver. However, the effects of increased dietary DHA were broadly the 303 same as those described for liver PL, although the mean increase in relative DHA content in head 304 kidney was not as defined as in liver (5.6 % vs. 10.4 % total fatty acids) ( Table 4) . Effects of EPA
305
or ARA inclusion on the fatty acid composition in head kidney PL were also very similar to those 306 observed in liver PL (Table 5) . 
Fatty acid compositions of brain and gill phospholipids 308
The fatty acid composition of brain PL showed a number of general differences to that of liver
309
PL. Brain PL contained a notable proportion (> 7% total fatty acids) of DMA (Tables 6 & 7) . In 310 addition, the relative content of EPA was higher, and that of ARA lower in brain PL compared to 311 liver PL. Furthermore, the relative MUFA content of brain PL (due to higher 24:1n-9, not shown)
312
was noticeably higher than that of the liver (39.6 vs. 23.3 % total fatty acids) (Tables 6 & 7) .
313
Increasing DHA inclusion resulted in only a small, but significant, increase (1.7 %) in the relative
314
DHA content of brain PL (Table 6 ). Relative SFA contents increased slightly and relative MUFA 315 contents decreased in fish fed diets D1 through D20, reflecting dietary compositions (Tables 2 &   316 6). EPA and DPA both declined in brain PL in fish fed diets D1 through D20, although the effects 317 were subtle in comparison to the liver (Table 6 ). Diets D1-D20 had no effect on the relative 318 amounts of ARA and 22:4n-6 in brain PL, whereas 22:5n-6 increased in line with dietary levels 319 (Table 6 ). Effects of EPA and ARA inclusion on the fatty acid composition of brain PL also 320 followed the same overall patterns as seen in the liver, but the magnitude of these effects was 321 generally much lower ( and the relationship was non-significant (P = 0.057) ( diet D1, head kidney of fish fed D10E (Fig. 3) , and brain of fish fed D10A (Fig. 4) . Gene 345 expression of srebp2 was only significantly regulated only in liver, with lower expression in fish 346 fed D10A (Fig. 2) . .
364
The results of the present study showed that lipid content of the brain was the highest of all the 365 tissues examined (~ 7.7% wet weight), which was comparable with the value of 7.1% reported for intermediates in the synthesis of cholesterol, and adequate levels of cholesterol were present in all 500 of the diets, which could also explain why srebp2 expression was unaffected.
501
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Results are normalized expression ratios (average +SE, n = 6) of the expression of these genes in Table 4 . Fatty acid compositions (percentage of total fatty acids) of liver and head kidney polar lipids of Atlantic salmon post-smolts fed diets containing increasing levels of DHA.
Data expressed as means ± S.D. (n = 3). Diets D1-D20 represent feeds with increasing levels of DHA as described in the Materials and Methods section. Statistical differences were determined by regression analysis (P<0.05). DHA, docosahexaenoic acid; DMA, dimethyl acetal; EPA, eicosapentaenoic acid; LC-PUFA, long-chain polyunsaturated fatty acids; PUFA, polyunsaturated fatty acids. Table 5 . Fatty acid compositions (percentage of total fatty acids) of liver and head kidney polar lipids of Atlantic salmon post-smolts fed diets containing various combinations of DHA, ARA and EPA.
Data expressed as means ± S.D. (n = 3). Diets represent feeds containing 10 g kg-1 DHA (D10) or DHA+EPA (D5E), and feeds containing 20 g kg-1 DHA (D20), DHA+ARA (D10A) or DHA+EPA (D10E). Asterisks denote statistical differences between the 10 g kg-1 diets as determined by one-way ANOVA (P<0.05). Different superscript letters within a row represent significant differences between the 20 g kg-1 diets as determined by one-way ANOVA 5.1 ± 0.9 4.9 ± 0.8 5.0 ± 0.5 4.4 ± 1.0 4.1 ± 0.0 ∑ saturated 28.2 ± 0.8 26.7 ± 1.6 26.7 ± 0.2 27.9 ± 1.4 28.0 ± 1.1 ∑MUFA 23.2 ± 1.5 25.7 ± 0.7 20.5 ± 0.5 20.1 ± 0.9 21.3 ± 1.4 18:2n-6 3.2 ± 0.6 3.2 ± 0.1 2.7 ± 0.1 1.9 ± 0.6 2.4 ± 0.1 20:2n-6
